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(57)Abstract: 

PROBLEM TO BE SOLVED: To make a semiconductor single 
crystal free of cracks, polycrystal lumps, etc., on an Si 
substrate. 

SOLUTION: A reaction-inhibiting layer is formed in order to 
prevent the reaction of Si and a semiconductor of a gallium 
nitride system and the reaction-inhibiting layer (crystalline 
material B) consisting of, for example, SiC or AIN, etc., having a 
melting point or heat resistance higher than that of the 
semiconductor (semiconductor crystal A) of the gallium nitride 
system is deposited on the ground surface substrate (Si 
substrate) in the manner described above, by which the 
'reaction section 1 consisting of GaN polycrystal lumps, etc., near 
the silicon boundary is no longer formed even in the case the 
crystal of the semiconductor (semiconductor crystal A) of the 
gallium nitride system is grown for a long time. Also, many 
projecting parts are formed, by which the semiconductor 
(semiconductor crystal A) of the gallium nitride system is grown 
in a transverse direction as well with the planar apexes of the 
projecting parts as start points. As a result, the stress between 
the antireaction layer and the semiconductor crystal A is drastically relieved and the through-cracks of 
the longitudinal direction are not produced in the reaction-inhibiting layer and therefore the Si 
substrate can be surely shut off and the reaction-inhibiting effect is made sure. 
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CLAIMS 



[Claim(s)] 

[Claim 1] On the ground substrate formed from silicon (Si) using the longitudinal direction crystal- 
growth operation characterized by providing the following How to obtain a semiconductor substrate by 
growing up the semiconducting crystal A which consists of an III group nitride system compound 
semiconductor. The reaction prevention process which forms the reaction prevention layer which 
consists of the aforementioned semiconducting crystal A on the aforementioned ground substrate from 
the crystalloid material B with high melting point or thermal resistance. The height formation process 
which forms many heights from the aforementioned reaction prevention layer, without exposing the 
aforementioned ground substrate on one side of the side by which the aforementioned reaction 
prevention layer was formed by chemical or physical etching. The crystal-growth process to which a 
part of front face [ at least ] of the aforementioned height is made into the first growth side where the 
aforementioned semiconducting crystal A starts a crystal growth, and the crystal growth of the 
aforementioned semiconducting crystal A is carried out until this growth side is connected mutually 
respectively and it grows up to be a series of abbreviation flat surfaces at least. 

[Claim 2] As for the aforementioned semiconducting crystal A, an empirical formula fills "Alx Gay In (1- 
x-y) N (0<=x<1, 0< y<=1, x+y<=1)". The manufacture method of the semiconducting crystal according to 
claim 1 characterized by consisting of an III group nitride system compound semiconductor. 
[Claim 3] The aforementioned crystalloid material B which forms the aforementioned reaction 
prevention layer is the manufacture method of the semiconducting crystal according to claim 1 or 2 
characterized by consisting of carbonization silicon (SiC), alumimium nitride (AIN), or a spinel (MgAI 
204). 

[Claim 4] The aforementioned crystalloid material B which forms the aforementioned reaction 
prevention layer is the manufacture method of the semiconducting crystal according to claim 1 or 2 
characterized by an aluminum composition ratio consisting of at least 0.30 or more AIGaN(s), AlInN, or 
AIGalnN. 

[Claim 5] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by forming the cavity where the laminating of the aforementioned semiconducting crystal 
A is not carried out between the aforementioned heights by growing up the aforementioned growth side 
into a longitudinal direction, and making it connect mutually respectively, or a claim 4. 
[Claim 6] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by forming the thickness in the trough of the aforementioned reaction prevention layer 
between the aforementioned heights in 0.1 micrometers or more and 2 micrometers or less, or a claim 5. 

[Claim 7] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by forming the lengthwise height of the aforementioned height in 0.5 micrometers or more 
and 20 micrometers or less in the aforementioned height formation process, or a claim 6. 
[Claim 8] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by forming the size of the longitudinal direction of the aforementioned height, width of 
face, or a diameter in 0.1 micrometers or more and 10 micrometers or less in the aforementioned height 
formation process, or a claim 7. 

[Claim 9] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by having the partition stage which separates the aforementioned semiconducting crystal 
A and the aforementioned ground substrate by generating the stress based on the coefficient-of- 
thermal-expansion difference of the aforementioned semiconducting crystal A and the aforementioned 
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ground substrate, and fracturing the aforementioned height using this stress by cooling or heating the 
aforementioned semiconducting crystal A and the aforementioned ground substrate, or a claim 8. 
[Claim 10] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by carrying out 50-micrometer or more laminating of the aforementioned semiconducting 
crystal A in the aforementioned crystal-growth process, or a claim 9. 

[Claim 1 1] It describes above in the aforementioned crystal-growth process. By adjusting the amount < 
of feeding of an III group nitride system compound semiconductor The above in some [ at least ] 
corroded fields of the trough between the aforementioned heights of the aforementioned ground 
substrate The rate of crystal growth a of an III group nitride system compound semiconductor The 
manufacture method of a semiconducting crystal given in any 1 term of the claim 1 characterized by 
controlling difference (b-a) with the rate of crystal growth b in the parietal region of the aforementione 
height to abbreviation maximum, or a claim 10. 

[Claim 12] They are Imicromol / min about the aforementioned amount q of feeding. They are 
lOOmicromol / min above. The manufacture method of the semiconducting crystal according to claim 1 
characterized by setting it as below. 

[Claim 13] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by having the process which forms in the front face of the aforementioned height at leas* 
buffer-layer C which consists of "Alx Ga1-x N (0< x<=0" after the aforementioned height formation 
process, or a claim 12. 

[Claim 14] The manufacture method of the semiconducting crystal according to claim 13 characterized 
by forming the thickness of the aforementioned buffer-layer C in 0.1 micrometers or more and 1 
micrometer or less. 

[Claim 15] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by forming the aforementioned height in the aforementioned height formation process so 
that the aforementioned height may be arranged abbreviation regular intervals or an abbreviation fixed 
period, or a claim 14. 

[Claim 16] The manufacture method of the semiconducting crystal according to claim 15 characterized 
by forming the aforementioned height in the aforementioned height formation process on the lattice 
point of the two-dimensional triangular grid to which one side makes the keynote the abbreviation 
equilateral triangle of 0.1 micrometers or more. 

[Claim 17] It is the manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by the horizontal section configuration of the aforementioned height being an abbreviatior 
equilateral triangle, an approximate regular hexagon, an approximate circle form, an abbreviation 
rectangle, an abbreviation rhombus, or an abbreviation parallelogram in the aforementioned height 
formation process, or a claim 1 6. 

[Claim 1 8] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by forming the arrangement interval of the aforementioned height in 0.1 micrometers or 
more and 1 0 micrometers or less in the aforementioned height formation process, or a claim 1 7. 
[Claim 19] The manufacture method of a semiconducting crystal given in any 1 term of the claim 1 
characterized by forming the aforementioned reaction prevention layer to front reverse side both sides 
on the aforementioned ground substrate in the aforementioned reaction prevention process, or a claim 
18. 

[Claim 20] It is characterized by having the aforementioned semiconducting crystal manufactured by 
any 1 term of a claim 1 or a claim 1 9 using the manufacture method of the semiconducting crystal a 
publication as a crystal-growth substrate. Ill group nitride system compound semiconductor element. 
[Claim 21] It is characterized by what was manufactured by the crystal growth which used as the 
crystal-growth substrate the aforementioned semiconducting crystal manufactured by any 1 term of a 
claim 1 or a claim 19 using the manufacture method of the semiconducting crystal a publication. Ill 
group nitride system compound semiconductor element. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is on the ground substrate formed from 
silicon (Si). By growing up the crystal which consists of an III group nitride system compound 
semiconductor, it is related with the method of obtaining a semiconductor substrate. Moreover, this 
invention is manufactured considering such a semiconductor substrate as a crystal-growth substrate. I 
is related with III group nitride system compound semiconductor element. 
[0002] 

[Description of the Prior Art] The typical cross section of the conventional semiconducting crystal 
which carried out the crystal growth to drawing 5 on Si substrate (ground substrate) is illustrated. The 
MOCVD method was adopted as this crystal-growth process, in the semiconducting crystals (GaN 
crystal etc.) which are illustrated to this drawing 5 and which carried out elevated-temperature growth 
on Si substrate (ground substrate) by the Prior art, the "reaction section", transposition, a crack, etc. 
have arisen like 
[0003] 

[Problem(s) to be Solved by the Invention] Transposition and a crack cause degradation of a device 
property, when it is generated as a result of the operation of stress generated based on the coefficient- 
of-thermal-expansion difference and lattice constant difference between dissimilar materials and 
various kinds of semiconductor devices by such crystal-growth substrate are manufactured. Moreover, 
when the ground substrate which consists, for example of silicon (Si) etc. tends to be removed, it is 
going to leave only a growth phase and it is going to obtain the independent substrate (crystal), it is 
almost impossible to obtain the thing of a large area (more than 1cm2) by operation of the above- 
mentioned transposition, a crack, etc. 

[0004] Moreover, near 1000 degrees C - 1150 degree C which is the crystal-growth temperature of the 
target semiconductor substrate (semiconducting crystal A), silicon (Si) and a gallium nitride (GaN) may 
react and GaN ("reaction section" in drawing) of a polycrystal may be formed. For this reason, there is 
a problem without easy obtaining the GaN substrate of a single crystal through a hot crystal-growth 
process. 

[0005] Accomplishing this invention in order to solve the above-mentioned technical problem, the 
purpose is obtaining a quality semiconducting crystal without a crack or a polycrystal lump (reaction 
section), using comparatively cheap silicon (Si) as a ground substrate. Moreover, the further purpose of 
this invention is manufacturing a quality semiconductor device by using the above-mentioned 
semiconducting crystal manufactured with high quality as a crystal-growth substrate. 
[0006] 

[A The means for solving a technical problem, an operation, and an effect of the invention] The following 
meanses are effective in order to solve the above-mentioned technical problem. That is, the 1st means 
is on the ground substrate formed from silicon (Si) using a longitudinal direction crystal-growth 
operation. In the manufacturing process of a semiconductor substrate into which the semiconducting 
crystal A which consists of an III group nitride system compound semiconductor is grown up By the 
reaction prevention process which forms the reaction prevention layer which consists of the crystalloid 
material B with high melting point or thermal resistance from a semiconducting crystal A on a ground 
substrate, and chemical or physical etching The height formation process which forms many heights 
from this reaction prevention layer, without exposing a ground substrate on one side of the side by 
which the reaction prevention layer was formed, It is establishing the crystal-growth process to which 
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the crystal! growth of the semiconducting crystal A is carried out until it makes a part of front face [ a1 
least ] of this height into the first growth side where a semiconducting crystal A starts a crystal growtl 
this growth side is connected mutually respectively and it grows up to be a series of abbreviation flat 
surfaces at least. 

[0007] However, even if the above-mentioned semiconductor substrate which consists of above- 
mentioned semiconducting crystals A is monolayer structure, it may be a double layer structure 
(multilayer structure), moreover, to general "III group nitride system compound semiconductor" said 
here The semiconductor of the arbitrary mixed-crystal ratios expressed with 2 yuan, 3 yuan, or 4 yuan 
the general formula which "Alx Gay In (1-x-y) N (0<=x<=1, 0<=y<=1, 0 <=x+y<=1) N" Changes is 
contained. Furthermore, also let the semiconductor with which p type or the n type impurity was added 
be the criteria of the "III group nitride system compound semiconductor" of this specification. 
Moreover, the above Let the semiconductor which replaced the part of the III group elements 
(aluminum, Ga, In) with boron (B), the thallium (Tl), etc., or replaced some nitrogen (N) by Lynn (P), 
arsenic (As), antimony (Sb), the bismuth (Bi), etc. be the criteria of the "III group nitride system 
compound semiconductor" of this specification. 

[0008] moreover — as the impurity of the above-mentioned p type — magnesium (Mg) — or calcium 
(calcium) etc. can be added Moreover, as an impurity of the above-mentioned n type, silicon (Si), sulfur 
(S), a selenium (Se), a tellurium (Te) or germanium (germanium), etc. can be added, for example. 
Moreover, these impurities may add two or more elements simultaneously, and may add both molds (p 
type and n type) simultaneously. 

[0009] Drawing 1 is a typical cross section in the manufacturing process of the semiconducting crystal 
which explains the fundamental concept of this invention in instantiation. This reaction prevention layer 
is for preventing the reaction of Si and the semiconductor of a gallium-nitride system. Thus, by forming 
the reaction prevention layer (crystalloid material B) with the melting point or thermal resistance higher 
than the semiconductor (semiconducting crystal A) of a gallium-nitride system which consists, for 
example of SiC, AIN, etc. on a ground substrate (Si substrate) When carrying out the crystal growth of 
the semiconductor (semiconducting crystal A) of a gallium-nitride system for a long time, it is lost that 
the aforementioned "reaction section" is formed near a silicon interface. 

[0010] Moreover, the semiconductor (semiconducting crystal A) of a gallium-nitride system grows up to 
be also a longitudinal direction with the common crowning of a height as the starting point by forming 
many heights. Thereby, it is hard coming to generate the stress based on the lattice constant difference 
between a reaction prevention layer and the semiconducting crystal A of a gallium-nitride system, and 
stress is eased sharply. 

[001 1] Moreover, by forming many heights, it is hard coming to work. like and, therefore, the crack which 
forms a lengthwise crack in a reaction prevention layer and which was penetrated to lengthwise stops 
easily easing the stress which acts on a reaction prevention layer, and being able to generate such 
stress in a reaction prevention layer. For this reason, in a reaction prevention layer without the crack 
penetrated to lengthwise, since a ground substrate (Si substrate) and the semiconductor 
(semiconducting crystal A) of a gallium-nitride system can be intercepted completely, generating of the 
above "reaction sections" can be prevented more certainly. 

[0012] Moreover, since the contact part of a reaction prevention layer and a semiconductor substrate 
(namely, the desired semiconducting-crystal layer A) is narrowly limited by, for example, forming the 
above heights, the distortion based on both lattice constant difference cannot become large easily, and 
"the stress based on the lattice constant difference between a ground substrate and a semiconductor 
substrate" is eased. For this reason, in case a semiconductor substrate (the desired semiconducting 
crystal A) carries out a crystal growth, the unnecessary stress committed to the semiconductor 
substrate under growth is suppressed, and the generating density of dislocation or a crack is reduced, 
namely, the above stress relaxation operation — the semiconductor (semiconducting crystal A) of a 
gallium-nitride system — dislocation — generating — being hard — moreover, the generating density of 
a crack is also boiled markedly and can be cut down 

[0013] It becomes possible [ obtaining the quality semiconductor substrate (semiconducting crystal A) 
without "the above-mentioned reaction section" and an above-mentioned crack by which dislocation 
density was suppressed enough according to the above operation and the synergistic effect ], or easy. 
[0014] In addition, when buffer-layer C in this view should just take the form inserted if needed and this 
invention is carried out, such a buffer layer is not the component which is not necessarily needed. That 
is, when not preparing a buffer layer, it is possible to acquire an operation and effect of this invention 
more than fixed. 
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[0015] Moreover,' in the 1st means of the above [the 2nd means ], an empirical formula fills "Alx Gay 1 
(1- x - y ) n (0<=x<1, 0< y<=1, x+y<=D" for the above-mentioned semiconducting crystal A. It is 
constituting from an III group nitride system compound semiconductor. 

[0016] Moreover, the 3rd means is using carbonization silicon (SiC), alumimlum nitride (AIN), or a spine 
(MgAI 204) in the above 1st or the 2nd means as a crystalloid material B which forms a reaction 
prevention layer. 

[001 7] Moreover, the 4th means is that an aluminum composition ratio uses at least 0.30 or more AIGa 
(s), AlInN, or AIGalnN in the above 1st or the 2nd means as a crystalloid material B which forms a 
reaction prevention layer. Furthermore, as a crystalloid material B, it is desirable for a lattice constant 
to choose a comparatively firm heat-resistant (melting point) stable high material of a less than 3.1 8A 
interatomic bonding force. 

[0018] Moreover, the 5th means is that a semiconducting crystal A forms between heights the cavity b 
which a laminating is not carried out in any the above 1st or 4th one means by growing up a growth sid 
into a longitudinal direction, and making it connect mutually respectively. Since the growth side of an 
abbreviation plane may become is hard to be acquired after connection if too not much large although 
such a cavity is so desirable that it is made greatly, cautions are required. Moreover, if too small, since 
the stress relaxation operation by longitudinal direction growth will also become small, cautions are 

required. . 

[0019] Moreover, the 6th means is forming the thickness in the trough of the reaction prevention layer 

between heights in 0.1 micrometers or more and 2 micrometers or less in any the above 1st or 5th one 

means. , 
[0020] If this thickness is too thin, since nonuniformity will follow on thickness, or since the above- 
mentioned crystalloid material B which forms a reaction prevention layer is not the matter stable 
enough, it becomes impossible to intercept completely a gallium (Ga) or a gallium nitride (GaN). and 
silicon (Si). Therefore, the effect of preventing formation of "the reaction section (GaN of a 
polycrystal)" based on these reactions is no longer acquired fully. 

[0021] When the thickness in the trough of a reaction prevention layer is too thick, a crack becomes 
easy to go into the trough of a reaction prevention layer, and it becomes impossible moreover, to 
intercept completely a gallium (Ga) or a gallium nitride (GaN), and silicon (Si). Therefore, the effect of 
preventing formation of the "reaction section" based on these reactions is no longer acquired fully. 
Moreover, if the thickness in the trough of a reaction prevention layer is too thick, since only the part is 
too many needed, it is not desirable in respect of a production cost etc. [ of the laminating time or the 
charge of plywood of a reaction prevention layer ] 

[0022] Moreover, the 7th means is forming the lengthwise height of a height in 0.5 micrometers or more 
and 20 micrometers or less in the height formation process of any the above 1st or 6th one means. The 
lengthwise height of a height has 1 micrometers or more and good 5 micrometers or less more desirably 

[0023] It becomes [ the aforementioned cavity becomes small, or it becomes inadequate longitudinal 
direction growing up / of a semiconducting crystal A / it. and / stress relaxation acting ] inadequate an. 
is not desirable if this height is too low. Moreover, if this height is too high, since only the part is too 
many needed, it is not desirable in respect of a production cost etc. [ of laminating time, etching time, o 
a charge of plywood of a reaction prevention layer ] 

[0024] Moreover, the 8th means is forming the size of the longitudinal direction of a height, width of 
face, or a diameter in 0.1 micrometers or more and 10 micrometers or less in the height formation 
process of any the above 1st or 7th one means. More desirably, although it is dependent also on the 
operation conditions of a crystal growth, the size of the longitudinal direction of a height, width of face, 
or a diameter has good about 0.5-5 micrometers. 

[0025] If this size is too thick, the influence of stress which works to a semiconductor substrate (growtl 
phase) based on a lattice constant difference will become large, and it will become easy to increase the 
number of dislocation of a semiconductor substrate. Moreover, if too thin, the own formation of a height 
becomes difficult, or the rate of crystal growth b of the parietal region of a height becomes slow, and it 
is not desirable. 

[0026] Moreover, the 9th means is preparing the partition stage which separates a semiconducting 
crystal A and a ground substrate by generating the stress based on the coefficient-of-thermal- 
expansion difference of a semiconducting crystal A and a ground substrate, and fracturing a height usmj 
this stress by setting for any the above 1st or 8th one means, and cooling or heating a semiconducting 
crystal A and a ground substrate. 
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[0027] For example, on the ground substrate which has many heights so that .t may .llustrate to draw., 

When Rowing up he semiconductor substrate (semiconducting crystal A) which consists of an III 
group ni^ide system compound, a semiconducting crystal A can form the cavty by wh.ch a lam.natn 
fs not carried out between each height (side of a height) by adjusting the size and arrangement interva 
of a height, crystal-growth terms and conditions, etc. For this reason ,f a semiconductor substrate 
(seXonLZg crystal A) is made thick enough as compared with the height of a he.ght, .nternal stre 
or external stress will become easy to act on this height intensively. When rt acts as shearing stress t< 
a height etc. and this stress becomes large, a height fractures the result, especially such stress. 
Therefore, if this stress is used, it will become possible to separate a ground substrate and a 
semiconductor substrate easily (exfoliation). Moreover, it becomes easy to concentrate stress (sheanr 
37a height, so that the above-mentioned "cavity" is formed greatly. That ,s, according to the 
9^h above-mentioned means, since the above-mentioned stress is easily generable. a sem.conduct.ng 
crvstal A and a ground substrate are easily separable. 

loom in addition, in case a ground substrate and a semiconductor substrate are separated (ablation), 
part of semiconductor substrate may remain in a ground substrate side, or a part of groun ^substrate 
Lample ■ fracture wreckage of a height) may remain in a sem.conductor substrate side. Namely, the 
ZZ~LZne6 partition stage is not premised on perfect separation of each materia, wh.ch mak s 
some wreckage of such material there be nothing (requirement). Removal of such fract ^ wreckage et 
can abo be carried out using the means of common knowledge, such as wrapp.ng and etch.ng. .f neede. 

[0029] Moreover, the 10th means is carrying out 50-micrometer or more laminating of the 
semiconducting crystal A in the above 1 st or the crystal-growth process of any 9th one means^ Since 
theTensile stress to a semiconductor substrate (semiconducting crystal A) is eased, the generating 
density of the transposition of a semiconductor substrate or a crack can be decreased and a 
semiconductor substrate can be simultaneously strengthened so that this thickness .s thick, .t become 
that it is easv to centralize the above-mentioned stress on the above-mentioned height 
[So30] ^S.T^SSl- of a ground substrate (Si substrate) has desirable 300 micrometers or 
ess The tensile stress to a semiconductor substrate (semiconducting crystal A) ,s eased, and the 
generating density of the transposition of a semiconductor substrate or a crack decreases, so that this 
tWckneTs i thin However, if thickness of a ground substrate is set to less than 50 micrometers, a 
Problem w^ arise about own absolute intensity of a ground substrate, and it will become dfficult to 
mattaTn high productivity. Therefore, in order to secure the quality and the product,v,ty of a crystal- 
row^h substrate to manufacture, the thickness of a ground substrate has 50 micrometers or more 

desirable 300 micrometers or less. * , fci u:^u 

[0031] moreover, the thickness of the semiconductor substrate (semiconducting crystal A) which 
carries out a crystal growth relatively - the thickness of a ground substrate (S. substrate and 
Sbrevia'on - rt is desirable to suppose that it is equivalent or to carry out to more than £ Th tens,., 
stress to a semiconductor substrate becomes that it tended to ease such a setup, and .t becomes 
Possible to suppress the transposition of a semiconductor substrate and generate of a crack more 
sharply than before. This effect becomes so large that a sem.conductor substrate .s th.ckened 

[OWamoreover. the 11th means is set at the above 1st or the crystal-growth Process of any 10th on* 
means - t can set to some [ at least ] corroded fields of the trough between the heights of a ground 
substrate by adjusting the amount q of feeding of an III group nitride system compound sem.conductor I 
fs corSolling the difference (b-a) of the rate of crystal growth a of an III group mtr.de system compoun, 
seronrotor, and the rate of crystal growth b in the parietal region of a he.ght to abbrev.at.cn 

mOsSTccording to this means, the rate of crystal growth near the parietal region of a height becomes 
large relatively, and the crystal growth near [ above ] a corroded field is suppressed comparatively, and 
becomes dominant [ the crystal growth from near the parietal region 

direction growth of the semiconductor substrate (semiconducting crystal A) started from near the 
parieS re^oTof a height becomes remarkable, and "the stress based on the latt.ce constant d.fferenc 
be^en ^reaction prevention layer and a semiconductor substrate <™^"£^ 
substrate at the time of the crystal growth of a sem.conductor substrate is eased. Therefore, the 
crystal structure of a semiconductor substrate is stabilized and it ,s hard coming to 
transposition and a crack in a semiconductor substrate. Moreover if longitudinal «^^ 0) 
of a semiconductor substrate becomes remarkable, a comparably b.g cavty w.ll become easy to be 
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made in the side '(between each height) of a height, for example. 

[0034] When irregularity is formed on the front face of a ground substrate a suitable size, an interval, c 
a period, generally except the periphery part near the periphery side attachment wall of a ground 
substrate, the direction of the amount of supply per the unit time and unit area of crystal material of a 
crevice (trough) tends to decrease compared with near the upper surface of heights (height). This 
inclination becomes possible [ controlling the above-mentioned difference (b-a) to abbreviation 
maximum ] by controlling these terms and conditions the optimal or suitably, although it depends in the 
flow rate of the gas stream of crystal material, temperature, the direction, etc. 

[0035] Moreover, it sets for the 11th above-mentioned means, and the 12th means is Imicromol / min 
about the amount q of feeding. They are lOOmicromol / min above. It is setting it as below. 
[0036] The more desirable above-mentioned amount q of feeding is Smicromol / min. They are 
90micromol / min above. The following is good. Furthermore, although it depends also on terms and 
conditions, such as specification of ground substrates, such as a size of the height formed, and a form, 
an arrangement interval, a kind of feed, and the direction of feeder current, a crystal-growth method, a 
a desirable value, they are 10-80micromol / min in general. A grade is ideal. Since it will become difficu 
to control the above-mentioned difference (b-a) to abbreviation maximum if this value is too large, it 
becomes difficult to form a big cavity between each height (side of a height). As for the crystallinity of 
the single crystal of a semiconductor substrate, it becomes easy to deteriorate and is not desirable to 
follow, in such a case for the stress in the crystal based on a lattice constant difference comparatively 
to be hard to be eased, and for dislocation to occur etc. 

[0037] moreover, the time of stress (shearing stress) separating a ground substrate and a 
semiconductor substrate — a height — if there is no cavity of the side or this cavity is small — a 
hejght s t r ess — concentrating — being hard — fracture of a height is hard coming to happen and is 
not desirable On the other hand, if the amount q of feeding is too small, crystal-growth time will be 
taken too much and it will become disadvantageous in respect of productivity, and it is not desirable. 
[0038] Moreover, the 1 3th means is establishing the process which forms buffer-layer C which consists 
of "Alx Ga1-x N (0< x<=0" on the surface of a height at least after a height formation process in any 
the above 1st or 12th one means. 

[0039] However, the above-mentioned buffer-layer C is semiconductor layers which grow near 400 
degrees C - 1100 degree C, such as AIN and AIGaN. Buffer-layer C of another further the above [ C / 
buffer-layer / t hi s ] t and the interlayer of **** composition (example : AIN and AIGaN) (it may only be 
hereafter called a "buffer layer") other periodic or layers and alternation — or you may carry out a 
laminating into a semiconductor substrate (semiconducting crystal A) so that multilayer structure may 
be constituted 

[0040] The same operation principle as the former of being able to ease the stress committed to the 
semiconductor substrate (growth phase) resulting from a lattice constant difference by the laminating o 
these buffer layers (or interlayer) enables it to raise crystallinity. Moreover, in the case of carbonization 
silicon (SiC) etc., such an operation and an effect have the especially remarkable crystalloid material B 
which constitutes a reaction prevention layer. 

[0041] Moreover, the 14th means is forming the thickness of buffer-layer C in 0.01 micrometers or mor 
and 1 micrometer or less in the 1 3th above-mentioned means. 

[0042] By this means, the semiconducting crystal A of the request formed on a buffer layer (example : 
GaN layer) can be grown up into a longitudinal direction good. 

[0043] In addition, the thickness of a buffer layer has 0.1 micrometers or more and good 0.5 
micrometers or less more desirably, although about 0.01 micrometers - about 1 micrometer is as above- 
mentioned a in general appropriate range. A cavity becomes easy to become small and is not desirable i 
this thickness is too thick. Moreover, if this thickness is made thin too much, it will become difficult to 
form a buffer layer to abbreviation homogeneity. If the membrane formation nonuniformity (part which is 
not fully formed) of a buffer layer arises in near the upper part of a height especially, it becomes easy t< 
produce nonuniformity also in crystallinity, and is not desirable. 

[0044] Moreover, the 1 5th means is forming a height so that a height s may be arranged abbreviation 
regular intervals or an abbreviation fixed period in the height formation process of any the above 1st or 
14th one means. 

[0045] Thereby, it becomes equal on the whole omitting the growth conditions of longitudinal direction 
growth, and it is hard coming to generate nonuniformity in a crystalline quality. Moreover, by this means 
since the above-mentioned cavity serves as a size with an equal abbreviation respectively and becomes 
possible [ distributing the above-mentioned shearing stress to each height equally / abbreviation ], 
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fracture of all heights arises without nonuniformity and separation with a ground substrate and a 
semiconductor substrate can carry out certainly, moreover, the crystal-growth method the late crystal 
growth method of the rate of crystal growth to the rate of crystal growth is quick since it is hard comii 
to generate local variation at time until the upper part of the trough between heights is completely 
covered by the semiconductor substrate — on the way — the case where come out and a crystal- 
growth method is changed — the time — exact — an early stage — or it becomes easy it to be 
decided for that it will be a meaning 

[0046] Moreover, the 16th means is forming a height on the lattice point of the two-dimensional 

triangular grid to which one side's makes the keynote the abbreviation equilateral triangle of 0.1 

micrometers or more in the height formation process of the 1 5th above-mentioned means. 

[0047] By this means, the 15th above-mentioned means can be carried out correctly and certainly mor 

concretely, and, therefore, the number of dislocation can be reduced certainly. 

[0048] Moreover, the 17th means is making the horizontal section configuration of a height into an 

abbreviation equilateral triangle, an approximate regular hexagon, an approximate circle form, an 

abbreviation rectangle, an abbreviation rhombus, or an abbreviation parallelogram in the height formatioi 

process of any the above 1 st or 1 6th one means. 

[0049] the direction of the crystallographic axis of the crystal formed from an III group nitride system 
compound semiconductor of this means — each part — a set — easy — arbitrary horizontal direction; 
since it becomes — receiving — length with a horizontal height (size) — abbreviation — since it can 
restrict uniformly, the number of dislocation can be suppressed Since a right hexagon, an equilateral 
triangle, a parallelogram, etc. especially tend to agree with the crystal structure of a semiconducting 
crystal, it is more desirable. Moreover, a round shape and a rectangle have the merit compared with the 
present condition of the present general processing technical level referred to as being easy to form in 
respect of a manufacturing technology. 

[0050] Moreover, the 18th means is forming the arrangement interval of a height in 0.1 micrometers or 
more and 10 micrometers or less in the height formation process of any the above 1st or 1 7th one 
means. More desirably, although it is dependent also on the operation conditions of a crystal growth, th. 
arrangement interval of a height has good about 0.5-8 micrometers. However, this arrangement interval 
means the distance between the central point of each height which approaches mutually. 
[0051] this means — the upper part of the trough of a height — the target semiconductor substrate 
(semiconducting crystal A) — a wrap — while things become possible, it becomes possible to form a 
cavity between heights (trough of a height) If this value is too small, an operation of ELO will no longer 
be obtained hardly, and a stress relaxation operation cannot fully be obtained, but crystallinity will 
deteriorate. Unless the cavity formed becomes small too much and makes thickness of a semiconductoi 
substrate larger than required, it becomes impossible moreover, to fracture a height easily. 
[0052] Moreover, if this value becomes large too much, it will become impossible to cover the upper par 
of the trough of a height by the semiconductor substrate certainly, and a semiconductor substrate 
(semiconducting crystal A) homogeneous [ crystallinity ] and good will no longer be obtained. Or if this 
value is still too larger, the exposed surface of a trough will become vast too much, and an operation of 
ELO will no longer be obtained hardly, and a cavity will no longer be formed at all. 

[0053] Moreover, the 19th means is forming a reaction prevention layer to front reverse side both sides 
on a ground substrate in the reaction prevention process of any the above 1st or 18th one means. 
Thereby, the curvature (curve) of the ground substrate (Si substrate) produced after a reaction 
prevention process can be prevented or eased. 

[0054] Moreover, in the 20th means and III group nitride system compound semiconductor element, it is 
having the semiconducting crystal manufactured by any the above 1st or 19th one means as a crystal- 
growth substrate. According to this means, it becomes crystallinity is good and more possible 
[ manufacturing III group nitride system compound semiconductor element ] than a semiconductor with 
little internal stress, or easy. 

[0055] moreover, crystal growth which used as the crystal-growth substrate the semiconducting crysta 
which boiled and set the 21st means and was manufactured by any the above 1st or 19th one means It 
is manufacturing III group nitride system compound semiconductor element. According to this means, it 
becomes crystallinity is good and more possible [ manufacturing III group nitride system compound 
semiconductor element ] than a semiconductor with little internal stress, or easy. The aforementioned 
technical problem is rationally [ effectively or ] solvable with the means of the above this invention. 

[0056] L . . , 

[Embodiments of the Invention] You may choose each manufacture conditions as arbitration out ot a 
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degree in carrying out this invention, respectively. Moreover, you may combine each of these 
manufacture conditions arbitrarily. First, as a method of forming an III group nitride system compound 
semiconductor layer first, an organic-metal vapor growth (MOCVD or MOVPE) is desirable. However, a 
molecular-beam vapor growth (MBE), a halide vapor growth (Halide VPE). a liquid phase grown method 
(LPE), etc. may be used, and each class may be formed by the respectively different growth method. 
[0057] Moreover, about a buffer layer, it is desirable to form in the inside of a crystal-growth substrate 
or a ground substrate from the reason of correcting grid mismatching. Ill group nitride system compour 
semiconductor AlxGayIn1-x-yN (0<=x<=1. 0<=y<=1, 0 <=x+y<=1) made to form at low temp rature as 
these buffer layers when carrying out the laminating of the buffer layer (the aforementionedjnterlayer) 
into a semiconductor substrate (semiconducting crystal A) especially — AlxGa1-xN (0<=x<=1) can be 
used more preferably A monolayer is sufficient as this buffer layer, and it is good also as a multiplex 
layer which is [ composition ] different. The formation method of a buffer layer may be formed at 380- 
420-degree C low temperature, and the range of it is 1000-1 180 degrees C conversely, and it may be 
formed by the MOCVD method. Moreover, the buffer layer which consists of AIN by the reactive spatte 
method can also be formed using DC magnetron-sputtering equipment by making high grade m tal 
aluminum and nitrogen gas into raw material. 

[0058] The buffer layer of general formula AlxGayIn1-x-yN (0<=x<=1, 0<=y<=1. 0 <-x+y<-1. and a 
composition ratio are arbitrary) can be formed similarly. Furthermore, a vacuum deposition, the ion 
plating method, the laser ablation method, and the efficient consumer response method can be used. A 
for the buffer layer by the physical vapor deposition, it is desirable to carry out at 200-600 degrees C. 
is 300-600 degrees C still more desirably, and is 350-450 degrees C still more desirably. When physical 
vapor depositions, such as these sputtering methods, are used, buffer layer thickness has desirable 
100-3000A. Still more desirably. 100-400A is desirable and is 100-300A most desirably. 
[0059] There is the method of forming by turns as 600 degrees C or less and 1000 degrees C or more i 
formation temperature about the layer with the same composition which forms by turns the layer which 
consists, for example of AlxGa1-xN (0<=x<=1), and a GaN layer as a multiplex layer. Of course, these 
may be combined and a multiplex layer may carry out the laminating of three or more sorts of III group 
nitride system compound semiconductor AlxGayIn1-x-yN (0<=x<=1, 0<=y<=1. 0 <=x+y<=1). Generally 
the buffer coat is amorphous and an interlayer is a single crystal. A buffer coat and an interlayer may b 
formed a term two or more rounds as one period, and a repeat is good an arbitrary period. Crystallinity 
becomes good, so that there are many repeats. 

[0060] Whether it replaces a part of composition of an III group element with boron (B) and a thallium 
(Tl) or the III group nitride system compound semiconductor of a buffer layer and the upper layer 
replaces composition of nitrogen (N) part by Lynn (P), the arsenic (As), antimony (Sb). and the bismuth 
(Bi) it can apply this invention substantially. Moreover, what doped the grade which cannot display 
these elements on composition may be used. For example. AlxGa1-xN (0<=x<=1) which is the III group 
nitride system compound semiconductor which does not have an indium (In) and an arsenic (As) in 
composition may be compensated for the extended distortion of the crystal by the omission of a 
nitrogen atom with compressive strain with doping the big indium (In) of an atomic radius from aluminun 
(aluminum) and a gallium (Ga). and doping the big arsenic (As) of an atomic radius from nitrogen (N). ant 
crystallinity may be 

[0061] In this case, since acceptor impurity goes into the position of an III group atom easily, p type 
crystal can also be obtained by the AZUGU loan. Thus, together with the invention in this application, 
penetration transposition can also be further lowered to 100 or about 1/1000 by improving crystallinity. 
In the case of the basal layer in which the buffer layer and the III group nitride system compound 
semiconductor layer are formed two or more periods, it is still better for each III group nitride system 
compound semiconductor layer to dope an element with a bigger atomic radius than a main composition 
element. In addition, when it constitutes as a light emitting device, it is desirable to use the 2 yuan 
system of an III group nitride system compound semiconductor or a 3 yuan system originally. 
[0062] When forming an n type III group nitride system compound semiconductor layer. IV group 
elements, such as Si. germanium. Se. Te. and C. or VI group element can be added as an n type 
impurity Moreover, as a p type impurity, II group elements, such as Zn. Mg. Be. calcium. Sr, and Ba, or 
IV group element can be added. You may dope plurality or n type impurity, and p type impurity for these 
in the same layer. 

[0063] It is also arbitrary to reduce the transposition of an III group nitride system compound 
semiconductor layer using longitudinal direction epitaxial growth. Under the present circumstances, the 
method of the thing using a mask and the thing arbitration which buries a level difference by etching cai 
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be taken.' 

[0064] An etching mask can be with oxides, such as polycrystal semiconductors, such as polycrystal 
silicon and a polycrystal nitride semiconductor, oxidization silicon (SiOx), a silicon nitride (SiNx), titaniu 
oxide (TiOX). and a zirconium oxide (ZrOX), a nitride, titanium (Ti), refractory metals like a tungsten (W 
and these multilayers. These membrane formation methods are arbitrary besides vapor growths, such a 
vacuum evaporationo, a spatter, and CVD. 

[0065] Although reactant ion beam etching (RIBE) is desirable in case it etches, the arbitrary etching 
methods can be used. As what does not form the level difference which has the side perpendicular to « 
substrate side, the cross section which does not have a base in the pars basilaris ossis occipitalis of a 
level difference by anisotropic etching may form a V character-like thing. 

[0066] Semiconductor devices, such as FET and a light emitting device, can be formed in an IH group 
nitride system compound semiconductor. In the case of a light emitting device, although a luminous 
layer can consider the thing of gay structure besides multiplex quantum well structure (MQW) and singl 
quantum well structure (SQW). hetero structure, and double hetero structure, you may form by the pin 
junction or pn junction. 

[0067] Hereafter, this invention is explained based on a concrete example. However, this invention is nc 
limited to the example shown below. 

(The 1st example) The outline of the manufacture procedure of the semiconducting crystal (crystal- 
growth substrate) in the example of this invention is illustrated hereafter. 

[0068] [1] A reaction prevention process book reaction prevention process is a manufacturing process 
which carries out the laminating of the reaction prevention layer on a ground substrate (Si substrate). 
At this reaction prevention process, about 1.5 micrometers of reaction prevention layers which consist 
of carbonization silicon (SiC) are first formed by the vapor growth (MOVPE) on Si (1 1 1) substrate. In 
addition, in order to prevent the curvature of a wafer, you may form a SiC film to front reverse side bot 

sides. r r 

[0069] [2] Form the height B1 of the shape of an approximate circle pilaster with a diameter L of about 
1 micrometer }. and a height of about 1 micrometer at intervals of about 2-micrometer arrangement by 
the dry etching using photo lithography on the reaction prevention layer of the height formation process 
above ( drawing 2 ). A height B1 is formed so that the center at the base of a pillar of a height B1 may 
be arranged on each lattice point of the two-dimensional triangular grid which makes the keynote the 
abbreviation equilateral triangle whose one side is about 2 micrometers as an array gestalt. However, 
thickness of a ground substrate is set to about 200 micrometers. 

[0070] [3] At a crystal-growth process book crystal-growth process, as shown in drawing 4 , carry out 
growth process until a crystal-growth side is mutually connected respectively from the upper surface 
(initial state) of a height B1 and grows up to be a series of abbreviation planes according to an 
organometallic compound vapor growth (the MOVPE method), and carry out a growth process until it 
grows up to be the thick film this semiconductor substrate (crystal layer) of whose is about 200 
micrometers after that according to a hydride vapor growth (the HVPE method). In addition, at this 
crystal-growth process, it is ammonia (NH3). Gas, carrier gas (H2. N2), trimethylgallium (Ga3 (CH3)) gas 
(it is described as "TMG" below), and trimethylaluminum (aluminum3 (CH3)) gas (it is described as 

"TMA" below) are used. . 
[0071] (a) Organic washing and acid treatment wash first the ground substrate ( drawing,? ) in which th« 
above-mentioned height B1 was formed, and equip the susceptor laid in the reaction chamber of 
crystal-growth equipment, and bake a ground substrate at the temperature of 1100 degrees C. passing 
H2 to a reaction chamber by the ordinary pressure. 

(b) Next, supply H2, NH3. TMG. and TMA on the above-mentioned ground substrate according to the 
MOVPE method, and form an AIGaN buffer layer (buffer-layer C). The crystal-growth temperature of 
this AIGaN buffer-layer C is about 1 100 degrees C, and thickness is about 0.2 micrometers. ( Drawing 
3 ) 

[0072] (c) On this AIGaN buffer layer (buffer-layer C), it is H2 and NH3 in a part of semiconductor 
substrate A, i.e., the GaN layer of about 5 micrometers of thickness. And TMG was supplied and the 
crystal growth was carried out at the growth temperature of 1075 degrees C. According to this process 
as shown in drawin g 4 . a part of semiconductor substrate (GaN layer A) carries out longitudinal 
direction growth, and a big cavity is made in the side of a trough B1, i.e.. a height. In addition, the TMG 
speed of supply at this time is 40micromol / min in general. It is a grade and the rate of crystal growth 
of a GaN layer (semiconducting crystal A) is about about 1 micrometer/Hr. 

[0073] (d) According to the hydride vapor growth (the HVPE method), the crystal growth of the above- 
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mentioned GaN layer (semiconducting crystal A) was further carried out to 200 micrometers after that 
The rate of crystal growth of the GaN layer in this H VPE method is about about 45 micrometer/Hr. 
[0074] [4] Partition stage (a) The wafer which has a ground substrate (Si substrate) is cooled to 
abbreviation ordinary temperature after the above-mentioned crystal-growth process, passing ammoni. 
(NH3) gas to the reaction chamber of crystal-growth equipment. What is necessary is just to make the 
cooling rate at this time into the "-50 degree-C/min — 5 degree C/min" grade in general. 
[0075] (b) When these were taken out from the reaction chamber of crystal-growth equipment after 
that, the GaN crystal (semiconducting crystal A) which exfoliated from the ground substrate (Si 
substrate) was obtained. However, this crystal is a thing [ that some / small / wreckage of AIGaN 
buffer-layer C and the fracture wreckage of a height B1 have remained at the rear face of a GaN lay r 
(semiconductor substrate) ]. 

[0076] [5] Remove the fracture wreckage of the height B1 which consists of St which remained in the 
rear face of a GaN crystal by wrapping processing after the partition stage of the fracture wreckage 
removal process above. However, you may carry out this fracture wreckage removal process by etchini 
processing using the mixed liquor which added the nitric acid to fluoric acid. 

[0077] By the above manufacture method, the semiconductor substrate (semiconducting crystal A) of 
the good GaN crystal of the crystallinity of about 200 micrometers of thickness which was very 
excellent (GaN layer), i.e., the request which became independent of a ground substrate, can b 
obtained. 

[0078] In addition, as a crystalloid material B which forms a reaction prevention layer, the operation anc 
effect as the above-mentioned example and abbreviation that AIN and Alx Ga1-x N (0.30<=x<=1) are 
also the same are acquired. Generally carbonization silicon (SiC, 3 C-SiC), alumimium nitride (AIN), a 
spinel (MgAI 204), or an aluminum composition ratio can use at least 0.30 or more AIGaN(s), AlInN, or 
AIGalnN more as a crystalloid material B which forms a reaction prevention layer. 

[0079] Moreover, the semiconducting crystal A which forms the target semiconductor substrate is not 
limited to a gallium nitride (GaN), and can choose arbitrarily the aforementioned general "III group nitride 
system compound semiconductor/' Moreover, the target semiconductor substrate (semiconducting 
crystal A) is good also as what has multilayer structure. 

[0080] Moreover, although the height and trough of a ground substrate are constituted from an above- 
mentioned example by a vertical plane and the level surface as illustrated to drawing 2 , you may form 
these from arbitrary slant faces, curved surfaces, etc. Therefore, the cross-section configuration of the 
trough formed on the ground substrate illustrated to drawing 2 (c) may be formed in the form of for 
example, the abbreviation type for U characters, the abbreviation type for V characters, etc. besides th« 
**** type of an abbreviation rectangle, and, generally these configurations, a size, an interval, 
arrangement, orientation, etc. are arbitrary. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The typical cross section in the manufacturing process of the semiconducting crystal whicl 
explains the fundamental concept of this invention in instantiation. 

[Drawing 2] The typical perspective diagram (a) of the partial fragment of the ground substrate (Si 
substrate) concerning the example of this invention, a plan (b) f and a cross section (c). 
[Drawing 3] The typical perspective diagram (a) of the ground substrate by which buffer-layer C (AIGah 
layer) was formed, a plan (b), and a cross section (c). 

[Drawing 4] The typical perspective diagram (a) of the ground substrate to which the laminating of the 

semiconductor substrate (semiconducting crystal A) was carried out, a plan (b), and a cross section (c) 

[Drawing 5] The typical cross section which illustrates the conventional semiconducting crystal which 

carried out the crystal growth on Si substrate (ground substrate). 

[Description of Notations] 

Si — Silicon substrate (ground substrate) 

A — Semiconducting crystal (the target semiconductor substrate) 
B — Reaction prevention layer (crystalloid material) 
B1 — Height (a part of reaction prevention layer) 
C — Buffer layer 



[Translation done.] 
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[fB^fl 1 7 ] mFiB^B^^X^tctJV^T , lufB^ 

^ B&^, B&gjg, XtiirPtfE2^-CS)S^k$:^ 
mk-ri>if 1 ^j2lf^ 1 6 crmtifr 1 JfCIB^O 
^*^ B B B ^Sii^. 

jgglSOffiSlill^SrO. 1 ^tmtAX. 1 0 /* maTfcUPJR-f 

h z. b zmmb-trnxm 1 nmn im 1 7 coMix* 1 1 
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tM#« 1 9 i m&um±JMtz&^x . 

£ i: -r&fi#JS i Jbmmm i som^ i « 

im^m2 o i msb i Timsirn 1 9^^ i m 
izm&<r^ft&^m&*mzm^xmmztifi:. bu 

-rs 1 1 1 s^a^^iiMNW**?-. 
[^«2 1 ] mzm i ttsfs*JS 1 9<?mtifr i « 

^. 

[|&BjjoP8B&i&Bj» 
[00 0 1] 

#4*«I=W**. -£.<3»Sr¥*fl« 
[00 021 

s. i«tt«iuswi, MocvD&ummzti 

(TJMHK) ±.lz&igJ$LMLti¥&B&g}gh (GaNM 
[00 0 3] 

[jmfWftLJ:5-fc''*'*IIIU HW??^tt..R 

cm* 1^) <9tO£#££fcH3fcE^SST'&&. 
[ 0 0 04 ] £tz. SWfiWSttM (¥##fSJi.A) 

ofe£,f H ifcRia&-c£>& ioo o*c~i i 5 orzn&x 

\i. isVziy (Si) fcfifly5ry>A (GaN) ktfK 

[0005] *mnz. ±ie<oiii@£8s&-r6fc#>£j£ 

(Si) fcTfl&Sfcii: LTffl^t . ? 7 * ?*>2HS*» 



tit. *%m<rm%h&m±. &ift©£S!3i3iLrt: 
[0006] 

fOfflLT. y'J3y(Si ). J: Dlfc£$*tfcT«!a«LL 
B i O^K^il^^^^S^RSjhXgi: . ^ 

«cMaA^S^«$-a--&^ B «*X^i: £f&H"3 £ i: 

[000.7] *:*fb. ±teo^«t^A*»4>msn 

(^JI«I3£) T'£>->-C*>&^. ttz. C^-CW-? r III 
l^b^ft^W^ffcj -JRKli. 2tc. 3tc. Xte 
47C<0 r A li Ga, I:n(i.,-,).N (OSxSl, O 

m^-fb-^i^frj «»ilfc'^*..4fc.-±8E<0 III^ 
7C^(A1. Ga, I n ) <7)\ft<7) — SRSr^o^ ( B ) 
#iji>a(T1 >4FQnbte9. M# (N> 

<o-sp^y^ (p) . ats (As) . rmris 
b ) . txvx ( b i ) ^-cssil^o vti*mimi> 

[0008] ±IS<7)pScO^!|%li: LTli. 0«x 

(Mg)^ ^v^i^w^^A (c 

a) ^Sr^JP^--S.«ri:^-C#-&. *J^. JJBOng!^ 
^i: LTti. y'J3^ ( S i ) 1%M 

( S) . -feW>- ( Se ) , (Te ) . &\i\Z¥lV 

(Ge) &*mirt.&Zkti t X'Z&. £tz. a 

ti^co^mmi. mmz27tMi;jLk&m\ivxi>&^ 

[ o o o 9 ] m i ti. *ftw<n&mi&*mtmizmR 
^&m£fci&&<?>w&JMiz&v&ig&ff)%mmmx'& 

*k ( s i mwi) ±fcSMbjru »>a^«o^^ (^f* 
i N^i9B£ssm±s (i&etmB) $r«is-rs- 
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[0 0 1 03 ^^^r^S^^-rSifctcJ; 0. 

[00 11] 5SB»*#»»JiW-&ikfcJ:9, 

5 v?<oi^'>RfcB&jEli'C» T«S»g ( S i'gHR) kg 
jbif U : flr A^^#«c ( *mfal&&A ) fc 
•?&Zbi> { T%4>cr>V^ ±M<om% fRjtiWj <?m£k 

[00 1 2 3 4fc, W*tf. '±K««**iB»*»*f 

mtstih. z<oti*>* mm<D¥mmnk 
a > imMMthmis.. &*&<&m#mLtz»< t- 

ttc. ? y -y ?cnmi®mi>ftmznmx'Z %> . 

[00 13 3 ' £LL<OflU8fc«3W»*fc: «t 0 . -tiE*> 

n Q n ®^^«^ (*mmi£kA) &&&zb&*imx 

[0 0 143 ft. *HteB»t4><-y7TJICIi» 

loo 1 si &2<ttm±. ±m<omico^mz 

fcWC, Jjao^HIIMftllAt. ***** r A 1 , Ga 
y In ( |.,.,) N(0£x<l. 0<ySl, x + yS 

i ) j zmtzt mwm^mm.^mmm^mwi-t 

ZZbX'hZ. 

[0 0 16] 4*. m30#S{i. ±K<0»1JM4»2 

"C, RftHay (SiC) . S-fkT/US-^A (Al 
N) . (MgA 1 2 0 4 ) 

[ 0 0 1 7] 4fc. J&4<7>^8Ji. ±ie<7)S&lXJilfl2 



T. T^5-^Afflfi£it*^< k *>0. 3 0ia±<7)A 1 
GaN. A 1 InN, I&VMiA 1 Ga I nNJrffll,^; 

k-c&s. ±fc. jgtii. fhrnttmBbLxit. 
( m& ) co^iir ^ u **msrigiR-r * «r k **M4 l 
[ooi8] t^:. ^5^s«; ±fe<omj?>ssii4 

^•C^^SVHcaifeS-frS^ktiiO; §^gp^c. ^ 
^MSAj&^S ZtiX t >2SiPI*)BjWC C k T£> 

** ii? 4 k ^f*lcB&^ffi^<o^®^ ^njS< =5: 

[001 9 ] 4 ^ 6 <^¥aii; ±lB<om 1 Jb^m 5 
4Cik-C*4. 

[0020] i^jp§3&«swiy* k. if(:ttA7^ 

Bt+^cJ±^^3r!HJ^C«=5rv»^. XfU^ (G 
a) mLKtemftjfVVJ* (GaN) tj/'jay (S 

i ) b£^izimm~?&zbwx'Z*<%&. m-i 

X. Zttt><DZU&lzm<}< r^EgJ (^Wa 
N) j ^^Kjh-f-4^m* ? +^{={i:#^n=3r<=5: 
4. 

[0021] 4^:. RJtESSiha^^gWcfett-SKff^ff 
0. tf'J^A (Ga) ^L<(iS^U^A (GaN) 

b^v^y (Si) kS-^^tiiElfrrscrk^-c^^ 

<^rl». iot, Ztlt><7>Rmizm~3< rRlESUj ^ 

5mffi]tmcommm8i s mmtfntf£mzi&mb %z co 

[0 0 22] i7«fg{i, ±S0^17';S^6 

<7)M^* 1 1 ^<^&e>mz%m&aMizt>^x . 

^^■|6J^)»S £0. 5 ju m£Lk. 2 0 >u mlTRCl^ 
{il/zmliLh. 5umlXTW&^. 

[0023] ^(^mu-mm^ h t . t>rieos^'/h 
o^olt, &jnmftmn)^+ftb%K>mtL<% 

\\ &tz. ^mgMifiS&Zhb. ZcWrttzttKtfm 

^mzimb^cr>x\ HLm^xhrnnrnx-mtLK* 

[00243 4*:. Sg8<0¥8*i. IMftvm 1 JbM^7 
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<7)®tifri^c?&m(7>mm®B&a:mz*>^x. mm® 

<r)WKfo<7)±*^ d> :WMSfc0.1*imJa±.. 1 0v 
mWTfcMtl. £ k X'$>& . «t OSS t < ISAfifc 

[0025] ^«>*s*«*sitr* t . tt^safcSfcti-? 

[00 26] Wt9*fflto** JJK«1J5K*8 

<rmtift> i ^x^mzn^x » ¥ii«#aA fcTtas^ 

A i;Tffi!«1£k *4MK^&*<HS*»^*i 
-5. 

[0027] wi.tf . s i iz&mt&muz* <m.<r>mm 
*mfcm%. (tmms&A) zf&MZithi%£. mm® 
izxK>. &mm%m {mm®<nmfs) ^msa 
*>, mm®coftz izitvx^mtmm (*jwws*a) 

■C. ^JSA^fUMtUf. MKTIfltWKkWfMi 
Kh&jHB-CIME) "r*ik3OTT»k**.-*=fc» -US 
co #*#<J&££ix5?S. 5§eS&fcJS:*J (MBr 
IS*) jWfc+UKfcfc.'BPfc* ±iecom9co#st?<t 
*Uf. JJBOJS* - k WT* 

[0 0 28] Tiiil2S«k¥^ffc«8ik£#8t (M 

(«.-. mm®<mmm) omixi>&^. m-h. ±m 
coftffixnu. i*L«>o*m^>-»^«BHi*«*'k"^& 

=y < y tr y »/ -i-yymnmxaco^&zm^xmwst 

[0029] SSlO^&li. ±B«>*lJbS» 
9 WltUP 1 OO^BW* AJftSlSfc** V ^x „ 
ISAACS 0*tmJ3LtWii-*Ck"Cft6. 



[0030] 4fc. T«^K(SiSS) cOJSSti. 3 

n (^mma&A) izm-^-ii&y&jj&Mmziy- 

Bl««a«^p a nSk^ttS:«i«^-S^ftlcJi, TftS 
«c7)S$ti. SO/zmiaJiSOOjtxmiiiT^aSbV^ 
[0031] ffiWWfcli. *SAJ&R$-£6¥&#: 

m&L (*»f*jKAA) co«${i. T«fi«^ ( SiffiS) 
<OJPSk«i&P^k-r£*\ ^VMi'?-tU2JLhfe-r|.«Ik* i 

[0 032] ^1 l^)*S(i, JJB<?5flS17bS» 

i o ioMn* 1 1 o^acofeai^xgtcfc v vc . n i 

kcO^i- (b-a) i«IW«fclWW*ikt*4. 
[0033] ^cO^StCitttf . 3§ggBc9sHISBttific7) 

tt&<^&&&zimmmi*tix . Bm»ft2fa&»fe«o 
^ta< r $um±m t ^mikmrncomcom^imMiz 

< =5:5 . * fc. ^#:»K<0«|*|6lS;* ( E L O ) *W 
[0034] $ . HPS. *v^l4H»|-CT«fll 

Si^jfitJt^-C, Pfl^ (@ffi) <7>UimMim>^im 

ztizx*). ±teo^^- ( b - a ) z\®&±mzwwt 

[0035] & 1 2<V$mi. JJE*>SB 1 1 ^ 
Ojuul /nin laTl-f^-r^-kT'fcS. 
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[ 0 0 3 6 ] X DM4 L<«, ±iB^lS«ttJ&*q{i. 
5umol /min Uliu 9 0jun»l /min EfT**^. Jg 

mmxn+ m,f&mm<r)m&firtzi>mtf, «wai 

0~-8 0>umol /min W&ASWg&JTfo & * 

t±M<?>m- ( b - a ) S-B&fefcfiSfcSIW 
SC:i:**I!L<$:S<DT. #§§8^0 (^gStofflW) 

[ o o 3 7 1 mmj&j > o » t«m 

UBK =3:0; ■ SeeaiW«BfiWB9«<-*^"C t*v<a* 

[ 0 0 3 8 ] 4£. SB 1 3<7)#Sti. ±ffi<7>m 1 7bSm 
1 20MtL^lo^gfcj3V%T. ^^^XS^ 
tc. 'J?Kt<£i>99Smn$mtz r Al x Ga,., N (0 

If&ZbX&Z. 

[0039] fcfc* U ±EW 7 7 r«C £«u 400 
*C~1 1 0 0-Cfti!iT«*-r^A 1 N^A 1 GaN^cT) 
¥##Jf<o::£-C£>9. CWN*>y7rJiCt{iS!lfc:. m 
1iZ\ ±^<7)^-y7rJiCfclilS|B|ffi^ <#J : A 1 N-<S\ A 

*£****'.-> ^JSfflWtC X«ff!l^® t^5tc; 
[0040] Z.iXt>><7)rtv7 ?M "WSJi!) tf> 

Bitm.iti'V ?y < s i c > ^k^t^ 
[004 1] tt:. mi4<7)^mz. ±m<?>m 

[0042] £*>^«fc: i 0 . ><v 7 r «?>±K^i£$ 
il*W»0im»*ttftA (09 : GaNjf ) Wt&HlZ 

[0 04 3] ft. A^rJfc^IBiJSte. IMicoMK^X 
ZO. 0 1 m~ 1 u mmii) { mia$:m%!mT$>$,tf. 
«t934L<li» 0. ljumjai. 0.5^mHm^. 
d^KSWKiyftk. £?P3#>h£<3:9^<&DM4 



[0044] 4fc. mi s^swu jje^miBsm 

[0045] Ztilzf. 0 ; fit#fij£*^K^tt>>*£tt 
£ $ b =Sr 0 „ JJB^JWrJB* £#3£iegfttcB&%^;:#IJ 

[0046] 4fc s ^16<^Stt^JiiB^)mr5^ 
[0047] Z^miziO. ±IB0^1 5^S^J: 

mm.nzm%?z>zbtfxzz>. 
[0048] 4/c. mi 7<v^m±. ±Kwmxjbsm 

1 6coffltifrl^<tt&cv^&B&aMlzi$^x. m 

[0049] c^atCct 0 . mm&wtomti&a* 
mwz, &mv*¥XftizttLxmmm<o 

(±$ ) **-*fcWRT* K 
*VV)TJ: 0S4 47t, R^^^JSiStSffi^ 
[0050] 47^. Hi 80#S(i. ±ieom 1 7!)Sm 

1 7<Q®tifri^<ttm?^&Mjga:nizt$\\x. m 

1 jumJjLh. 1 0 umWFKM&t 

z>z.bxbh. iDUUit ^^.wnmm^mz 
*»j*v\ titct. znmwmmbit. m^zmm-zz 

[0051] Zcr&mz£ 0 . 2zm®<7)&&<D±1jZB 

m<vmftmm (*mftm&A )x-mozb immb % 
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HA) ##£>ft$r<:3:6. *V»I4. Officer* 

rst. #j^*miifewfi*fc3r9aay-c* elo^ 

[0053] *fc^HS 1 9<0#Sli. _tf£tf>S& 1 ASR 

Huuh £ rrtfis«-fc.^) wmm t^M-r & - -ca & . 

ZtiHz* 9 . RiCI5&jtXgmt^t-S.Tfl&^ (Sil 
«) <o£9 (ifft) £l»jt^L<12Sg*rt-|><ri:#-e£ 

[0054] ^2 o^&te. in»(fc;»ft 

[0 0 5 5] W.1\<T>^m^ t=*5V^T. ±IBO 
SfS 1 Jb^gS 1 9<0Mft*» 1 o<O^Sfc:.k 9SSB§S*i*:¥ 
HM«IA»tlhllJK«ffiR2i LfcSSHjfcAic J: 0 II ifitS 
-fk^-fb^J^f^^SrliJi^SCltT'feS. z\<m- 

[0056] 

imivmfoo&m ^mizmm-ztzm*). 

OVPE) amtL^. L^USr**^ ^tSfvffl^*^ 
(MBE) . VN7-f F*ttBj£ft& (Halide VPE) . 

(LPE) SPfcfflwcfcjSK. ^/ffc^HS: 

[0 0 5 7] A* 7 7rIt:ov^lt f&^FFM^ 

sstfWBjfcrscfcjWffiu*. mz^ *mi*.mm 
(tmma&A) ^iz^yyrm (m^^m) zm 



x=£l. OSSy^l, O^x+y^l) . J: 0#4 L<»4AI 1 Ga,. 1 
N(O^xgl) ^^^i:^^. :w^7rltt 

<OTi>&<. 33!^1000~1180X:<7)®HT\ MOCVDS 
TJWLTfcAV>. pC^^huxxrc-y^S 

[0 0 58] «KAl s Ga,_Ini-,. y N <0£x£l. 0 

£y£l. O^x+y^l. mmttOm) W^7r*i» 

t&x-^z. wmmmm££&'<v7Tffl±. 200-600 
x:TiTaco*«a* lv>. $ ^.ica* L<{i3oo-6oo-c-e 

t<tt, 100~400A*>'M*L<. ikfc}l4L<li..l00 
~300ATS>§. 

[00591 LTt±. 0l^.tiTAl x Ga 1 . I N (OSx 

t«*^^t«i»60(rciaTklO(KrciSUi4:: LT 

•^*r*-Ct>^<. ^MSJi 38iiLhc7)1 1 1 B^"fc!»fl; 
^BMNWMl.Gi^Ifn.,-^ (OSxSl, O^ygl, OSx+y 
^1) &StSLTt>m>. -jKWt{iM«il«^M-C 

fc LT«WW«WJRL.T*> A< . ^DigLtiffiS^M-C 

[ 0 0 6 0 ] A y 7 r »Xt?±«<OII IKfflflSH|»fl:* 

SrUy(P). b*(As). TVf-^yCSb). b'XVX(Bi) 

"CfcAV^ 0Ui.tfiffi«fc:-f y^AOn), b^(As)^^T 
L*VMII«Mfl:!ft^b^!ftl^E*'C*-6Al 1 Ga 1 . t N (0 
gx^l) fc. T;PS-»7A(A1). #U»7A(Ga)J:0t>JK 

[0061] d^^tir^-feT-^^^IIlM^ 
r*«IMBfc-&i>^T3Efc:jeMBtaL^ 1 0 07bS 1 0 0 
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1 1 1 isMHhXft'dWNifMi t & 2 mmLk-cjmz 

[0062] nScOIIIfilg-fk^'ft^WSIWsSSrJg 
BK-r^^^S. nSW^fcLT. Si, Ge. Se. Te. 

fc. pm^mtLXte. Zn. Mg. Be. Ca. Sr. Ba^II 

as^v Mi n m*mm t p m^ma* m-miz h-t l 

[ 0 0 6 3 ] «t*^xtf^^^-r;P^5rfflV»TIIlSl 
[00 64] Xyf-y^vj*.:?!;*:. $>&3 i i'V=iy. 

mwttwmime&mftmto* iM:ss(sio x ). 

g-fbSf^SiN,). B^?y(TiOxh gtffc^rJ^A 
(ZrO^^lHttfe. M<ft??3. ^>(Ti). ^^fy 

[0065] x-y^-y^?:-r-S.IS{C«. RiStt-f ^^b' 
-Al7fy/ (RI BE) .itfBiLVMP. ^(0X 7 

[ oo 6 6] uiwm^tmm^m^mmzFET, & 

W^li:. fBt««^fi»^#F«it (MQW) , f 
-»^#Fffii§ (SQW) <Oflfi. ^ofl§ 
it. ^r;l^xO^§jSO*>cD^#i.^-S»^. P i nf 

[0067] fcTF. *^^^#:^||iS0ln : ^v^ 

ti&i><7)X*\tti:^. 

[00 68] C 1 } JOSEfrihX^ 
*BD5G&itXiUi. T*6»£ ( S i £«) ±fcRei»ik 

•rawfe:. si (in) mfiLUzfmfUMm (mov 

PE) tciO. R^'Jay (SiC) J: 

£fc#><c, S i C&«9j£ffi£r£Sgp®fc:fToTfc&v*. 
[00 6 9] C 2 ) SSBSB^JRIS 
Xie^iSBfrilJf tf>±£. 7 * h U V^77 -Srfijffl 



UiK^x-y^^fciO. ttSftljum. ^$^1 
JE?j£-T& (02) . EJflBttfc LTUL — 2l#tt2x<m 

cD^TE^nm^mmti-h 2d^MWF^WFA± 
ssb i zmfcth. **fu TwmL<?)mz\m2 o o 

[0 07 0] C33*ft|jyU:g 

ziix-T£<of&¥mmz$.g : -?z> ^x-commnMir^m 
&mik£%a$mmmi (movpes) ^othjs 

U (SAW') #2 OOvmm 

me>mmzf&.g:-th£X'CDf&.g:JMt:'^ K^-f n^vts 
(hvpes) izmixmm?&. awsiSjs 

N 2 ) . KUX^-;W^U»7A(Ga(CH3)3)^X (J2tT 

j tte-f-) . &tXbu^-f^r;p-5x«>A(Ai(c 

lUa ) jCTx'COT r TMA j tlB-T) 
[0071] (a.) i-T. XIE^^eSPB 1 tfi&ff^fl. 

^tabbr (02) zwm&Rxmwmiz£y)m& 

SET'H 2 S:SJESfcdSL^:^^iSJ^1100X;-CTfl!!* 

(h)mz^ ±3iC0Ttm&<D±lZ. MOVPE&tCt^ 
•jT, H 2 . NH 3 , TMG, TMA£tti&LT. A1G 
aNA' 7 7rl (A.y7rlC) Sr^JK-TS. Z<DA 1 
G a N/~C 7 7rfC O&ifU&Ki&Kli. 1 1 0 0 *C. 
Hff^O. 2jum-C?>-S. (03) 

[007 2] (c ) ZCOA \ GaNAy7rl (A' 7 7 

mOGaN/f A£\ H 2 . NH3 Rr/TMGS:«^LT. ^ 
«iajgl0 7 5°C-C^ B B B «ft$^. diOX^iO. 
04^-r«tC. ^f*c«K (GaNJIA) CT)~Ui)m 

^•fbi^l. #gpau^ig@aiBi^ffi!i^r(c^§^p* { 

•e#^>. pJ5. ^B*OTMGgti£j££{i. 8lfe4 0^mo 
1 /min gST'^O. GaNf (^«c^hIA) CD&gh 
f&gmmit. »lwm/Hrg!t*5. 

[0073] ( d ) *<7)f&. h- 

(HVPES) tCfi!oT. ±E^GaNJi 
A) Sr. ^C. 2 0 0/xmtt-MM5^. ZOH 
V P Eifefc*J»t«, G a W§<mfk1&&mte. HZ 4 5 

um/nrmmxb&. 

[0074] iA^ttWim 

(a) ±ie^M B B B^x^f*. ry^-r (nh 3 )^ 

5r^«^M<7)»5M^SEL^i^. Ti&mm (S i 

s«) tt-$-&v^&®ffi&&x'<$m^&. zcob&o 

ttffiM&ii. O-C/m i n 5°C/m i 

[0075] ( b ) -ec^. *ttftjft^aiOR 
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mm^wom-tt* rvmm (s iito 

OlSAMU GaNl Ogffi^. A 1 Ga 

N^y 7r«c^/hs«r-a5#«>««i:5ea»B i <m 

[00 76] C 5 ) Wffl$£$!kM&3M. 

±mcottmim<?>&. jv^srimzz'). GaNi 

A*5*lHt3K->fcS i X DJfcS^ieaSB l<Ol£BJrBig£ 

[00 77] liLhOMit^tC <fc 0 . J8JI&2 0 0//m 
Ol£A44^^K@*l-*:&«9G a NttA ( G a N 

if) „ BP*>> T«S^^atit3t0rMW«<4^« 
(43l{fcNiAA ) £#6 £ fc-*«r** . 

[oo78]ft. mm±m*:B&i'Z&'£tt¥m 1 1 

Tti. A IN. Al, Ga,., N (0.30^x^1) 
±IBOHfil0iJi:B&|5iao^ffl ■ 3&m##<c>*i&. «t 

R-ltj/iJaytSi G, 3C-SiC) „ mitres.- 
->A(A1N) . xe^KMgAij o 4 ) , l£V^ 
it. T/P$-?Ai|Bj£Jta^&< k *>0. 3 OElhOA 1 
GaN. A 1 I nNXtiA 1 Ga I nN^It* 5 

[0079] ew^##«ca«RSr^-r^^i*: 

ISAAkJ:. SfctfU^ (GaN) KRB5ES*t& *>tfrC 
«E (¥*M&AA) (4. #JHfiIS:*-f £t>tf>kLTt> 



[0 08 01 ilB^Hififiai'Cli. 02K#!J^L*: 

HRtdfi&WJ^K* IBS. Eft 

[0B<OfS#=5rlJiBfl] 
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